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@ Mir SARE (Solar Array Return Experiment)

. INTERMATILMAL
- SeAcE STATION

+ Shuttie-Mir Program has provided unique opportunity for U.5. and Russtan
investigators to visually inspect, characterize, & assess condition & operational
performance of returned Russian space hardware

» Experiment designed to characterize external contamination and orbital debris
environments and assess degradation in solar array power performance

- SARE PV Panel, which consisted of eight foldable sections, was operated
ahoard Mir and exposed to fow Earth orbital space environment for ~10 years

- SARE PV Panel was first installed & fater removed from Mir core modtile by
suited Russian cosmonauts during June 1987 & November 1997, respectively

- Pane! was returned in Spacehab Module by Space Shuttte during STS5-89
Mission {January 1988). U.S. and Russian visual inspections & initial power
performance tests commenced at Spacehab facifities during February 1998
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Removed
PV Panel

Figure 1. Photovoltaic Array on the Mir core module from which the Russian PV Panel was removed.
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Figure 2. lllusiration showing Lhe configuration of the PV Array after the Russian
Panel was remoied.



Mir SARE Solar Cell Configuration
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» Each solar cell has cover glass with anti-reflection coating to improve light
transmission properties. All spacings and joints between cells filled & seaied

with organic potting material.

+ Cover glass Is bonded to layer of fabric mesh which is tightly woven and
impregnated with organic adhesive

» Solar cells are each bonded to this fabric layer and to a second layer of fabric
mesh which which is attached to backside of each cell within panel sections

» Bonded to backside of second layer of fabric is an Optical Solar Reflector

« OSR's used to reject heat from two adjacent solar cells attached to its surface
and to minimize heat input into PV array when exposed to reflected, or direct

sunlight
« Polymer backside netting, large open-weave organic fabric, was physicially
attached between cells with organic threads which tied all three fabric layers

together. Netting fabric supported cells during manufacturing process and
provided mechanical strength during faunch, ascent, and array deployment
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Figure 4, Cross section of the returned Russian solar array.



SARE Visual Inspections
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- Visual examinations of array surfacas during post-flight inspections revealed
they were highly contaminated by opaque white film deposited non-uniformty
along length of the panel cn both the cover slides, handrails, and the optical
solar reflectors

« Molecular film deposits on edges of cover slides appear to have originated from
holes due to reinforcement threads which penetrated potting material between

the cells

- Deposits were most visible when viewed obliquely from the surface and visually
appeared as a series of white dots (light reflections) on edges of cover slides

« Several localized regions of the eight panel sections were highly blackened,
and silicon cells within these regions appear to have been damaged by
etectrical arcing
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Figure 6. Photograph of the back side of the array showing the opaque, white film which coated the

Optical Solar Reflectors.
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Figure 5. Photograph of the front side of panels 1 & 2 showing the opaque,

white material that coated the edges of the solar array cover slides. The

source of this contaminant appears to have originated where the reinforce-

ment threads penetrated the epoxy material between the cells.



e —

All Panels Visually Scanned & Photographed at KSC

» Visual scans counted and identified
locations of craters. Found -
a. 1748 small craters > 0.3 mm diam.
b. 47 medium craters > 3 mm diam.
¢, 15 larpe craters > 5 mm diam,

Toral - 1810 craters = 0.3 mm diam,

» Digital images obtained through
a microscope of 200 small, medium
and large impact sites. Images
have been recorded on Photo
Compact Disks.



Panel #8 Microscopically Scanned at LaRC (50X)

Cells removed for Chemical
analysis of impactor residue
and contamination and other
specific tests.

Scans completed indicate that there
are approximately 1,800 craters
> (.05 mm in diameter on panel #8.




Typical Craters in Mir Solar Panels

> 0.3 mm Diam.
Penetration
limited to S F i
cover glass.

Penetrated multi-fayers

(cover glass, fabric, solar
cell and possibly rear Penetrated mulfi-lavers, often,

reflector). the complete solar array.

=5 mm



Debris Impact Fluxes Indicated by Crater Counts
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SARE Power Degradation Studies
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« SARE PV panel section was inspected, tested, and evaluated by U.5.
specialists at NASA Lewis Research Center

+ Evaluation tests consisted of illuminating entire panel section with one
sun solar radation intensity and measuring power output performance

« Test Measurement Results:
« Panel Operating Temperature: 25 °C
» Panel Area: 7,409 cm?
« Short Circuit Current: 1,595 mA
« Open Circuit Voltage: 59 Volis
» Maximum Power Cutput: 48.7 W (1,153 mA @ 42.2 V)
» Fill Factor: 0.516 (Original F/F was probably 0.70 - 0.753)
» Power Efficiency: 4.81% (Original P/E was probably 10-12%)

« Component tests are presently underway to measure the performance and
efficiency of ten solar cells individually removed from SARE panel section
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S5T75-89 Returned Russian Solar Array Experiment
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87T5-89 Returned Russian Solar Array Experiment

- Aernine N . | a1art Dot - st Dt ir.uu:'u“m:.\p--:ue u:;*éf:'j:m_.i.'.i'Auu'a:»:.‘.:prié':m

sty N | Tear R st M |1:_= p RTINS |:;|n:=':i: ':|I¥El1!;_r-ti:{ﬁ_-i.lﬂ"{ﬁﬂ.:"ii"i‘]‘:ljl:-h'ﬂ'j?i-l‘ TP R A '.-l:n-':lal.'ﬂ'.'&j
JSC 5 saction each Soar Can and WETF . : . | . | i . ; | ; i i | | v
n perfarn Chemical Analysis ol E-2menls 2 a8 104658 i i b ! ! ]_: : j '
"% 1a Prepira & Ship threa Salar Call T ' ’ B ! R (R S
£lemeAts b lhree WAGA Cenlera |MSFC EES [ AT TR (1 L A T
LaRG, KSC) far Irspecton & Analysi ] P !
MSFC LaRl, & KGO 10 perorm SRR S R B i
Chemical 4ralysis ¢ Elemeris i = 1aieaiz e : |
‘Each Cenler Rotaes Elameris & Perdorns - ' 1z . 17114,08 T i ! ' : e
Cnamical Analysis o all thrae Elemereiy | I A i R i
LeHE roburns Solar Aray Panal 43 : Ve e T I Y

. cdimE
ta LaR for conteued MMAOD Analvais pé o wabR o SREE . |
LaR 2 cpmphetr MWD snalyss | 2R © B TR :
P T . ' i- - o
Trbar NAGA Caatrmis reLarn Solan Becay 1Ranel, [
' h S O
"Handraiis, Tals, & Emmants o J5C | 2014759 1204 |
H - - - - me - N TR ' o ' - -
JEG 2 rewrn Salar Array Cells Elemeris . | . ' : [ [ 1
k s H ! o i H
Hardraike, & FPanel #8 o Ruszia for dnalysis | zo] 1 1= Lo e ! i
. . . - U O I T R R Y PR R - . -

1513 = Frepare ard Isave final &na ysis H , . P t ' | i : ' R | ' [ . 1 B
| Repart winpus from all KASS Cee-s oL 11md 21260 P Coa | I . | (. P Te—
| —_— ' ! . ) . : I !
! _ o . . L Nil13:a" B35 10 5f Rl 5 .":14:"DE£HI¢|§1 ﬂpaaa-:lslwuima::!* A1l kg d T dry

& 1 yizenlna
A el R
Oate 421454



Future Laboratory Studies
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« Selected solar cells recently removed from SARE PV panel section will
be sent to six NASA centers for more detailed laboratory studies

» FTIR {Fourier Transform Infrared) Spectroscopy will be used to identify
molecular constituents on solar cell surfaces

+ Thicknesses of film deposits on cover glass and OSR surfaces (front & back)
will be determined from ellipsometer measurements

- EDX (Energy Dispersive X-Ray) measurements will be performed in SEM
(Scanning Electron Microscope) to determine elements comprising films

» Other investigations will include XPS (X-Ray Photoelectron Spectroscopy)
and TOF/SIMS (Time of Flight/Secondary lon Mass Spectroscopy) to further
identify elements and compounds present
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